In developed countries, pancreatic cancer is the fourth leading cause of cancer-related death, accounting for approximately 266 000 deaths per year worldwide and 65 000 deaths per year in Europe ([@bib3]; [@bib15]). In Germany, there are an estimated 14 693 new cases per year and most of these patients will die from the disease ([@bib7]). At diagnosis, 80--85% of patients have unresectable disease ([@bib17]); prognosis is poor for these patients with a 5-year survival of 1.8% ([@bib14]).

Intravenous gemcitabine monotherapy is considered the standard of care for first-line treatment of advanced unresectable pancreatic cancer based on a phase III trial that demonstrated a significant improvement in survival *vs* 5-fluorouracil (5.65 *vs* 4.41 months, *P*=0.0025) ([@bib2]). A second phase III trial examining the combination of gemcitabine with erlotinib in first-line advanced pancreatic cancer demonstrated a very small, but statistically significant, improvement in survival *vs* gemcitabine alone (6.24 *vs* 5.91 months, *P*=0.038) ([@bib19]). Based upon these results, erlotinib in combination with gemcitabine was approved by both the United States Food and Drug Administration and the European Medicines Agency for first-line treatment of advanced pancreatic cancer ([@bib29]; [@bib30]). The combination of 5-fluorouracil, leucovorin, oxaliplatin plus irinotecan (FOLFIRINOX) was recently evaluated in a European phase III trial (ACCORD/PRODIGE) of patients with metastatic pancreatic cancer. Compared with gemcitabine, FOLFIRINOX resulted in a significant improvement in survival (6.8 *vs* 11.1 months, *P*\<0.0001); however, FOLFIRINOX was associated with a significantly higher incidence of grade 3/4 neutropenia, febrile neutropenia, thrombocytopenia, diarrhoea and sensory neuropathy ([@bib4]).

Given the poor prognosis and dire outcomes for patients with advanced pancreatic cancer, new therapies are an urgent medical need. A potentially promising novel approach is to target the cell cycle of rapidly dividing tumour cells via inhibition of mitotic checkpoints ([@bib27]). One such target is the mitotic serine/threonine kinase Polo-like kinase 1 (Plk1), which is involved in key cellular functions including passage through crucial mitosis checkpoints, organisation of the mitotic spindle, and progression through anaphase and cytokinesis ([@bib26]; [@bib16]). Plk1 is overexpressed in several human cancers, including non-small cell lung cancer, prostate, ovarian, breast and colorectal cancer ([@bib31]; [@bib28]; [@bib23]). Moreover, overexpression of Plk1 and deregulation of cell-cycle control is well established in pancreatic cancer cells ([@bib11]).

BI 2536 is an inhibitor of the Plk family of proteins, and demonstrates potent inhibition of Plk1, leading to cell-cycle arrest and a distinctive 'polo arrest\' phenotype ([@bib23]). In mouse xenograft models, BI 2536 achieved tumour regression up to complete cure, and in a pancreatic adenocarcinoma model, BI 2536 significantly reduced growth to a greater extent than gemcitabine ([@bib25]). Phase I clinical studies of BI 2536 in patients with advanced cancer determined the maximum tolerated dose of BI 2536 in three different schedules: 200 mg on day 1 every 3 weeks, 100 mg on days 1 and 8 every 3 weeks and 60 mg on days 1, 2 and 3 every 3 weeks ([@bib20]; [@bib13]; [@bib8]). These studies also demonstrated that BI 2536 had preliminary evidence of efficacy and was well tolerated in this patient population. The predominant dose-limiting toxicities (DLTs) were reversible neutropenia, febrile neutropenia and thrombocytopenia ([@bib20]; [@bib13]; [@bib8]). Here we report the results of a phase II trial investigating the efficacy, safety and pharmacokinetic (PK) profile of BI 2536 as a first-line treatment for patients with advanced exocrine adenocarcinoma of the pancreas.

Materials and methods
=====================

Trial design
------------

This was a phase II open-label, randomised, parallel-group trial of BI 2536 in patients from Germany and Austria with unresectable advanced exocrine adenocarcinoma of the pancreas, and was conducted in accordance with the Declaration of Helsinki. A two-stage design (modified Gehan), in which first-line patients were randomised to one of two BI 2536 treatment regimens in the first stage, was used ([Figure 1](#fig1){ref-type="fig"}). Progression to the second stage, which would include expansion of the first-line cohort and recruitment of second-line patients, was dependent on an interim analysis. Patients recruited to the second stage of the trial would receive treatment with the best regimen from the first stage. An interim analysis criterion determined whether the trial should continue from the first stage (first-line patients) to the second stage (second-line patients). For this criterion to be achieved in either arm, 2 out of the first 18 evaluable patients, defined as patients who had completed ⩾2 cycles, had to achieve a confirmed complete or partial response (CR or PR) following 12 weeks of treatment and/or 5 out of 18 patients had to achieve tumour control for at least 12 weeks. If this criterion was met in both arms of the trial, then the second-line regimen would be selected based on exploratory analysis of response rates, tumour-control rates, adverse event (AE) rates and severity, and practicality.

The primary end point of this study was objective response as determined by independent review of tumour imaging according to response evaluation criteria in solid tumours (RECIST 1.0). Secondary end points included tumour control (objective response or stable disease (SD) after the fourth treatment course), progression-free survival (PFS), overall survival (OS), CA19-9 response, safety and DLT.

Patient selection
-----------------

Patients aged at least 18 years with locally advanced or metastatic, unresectable exocrine adenocarcinomas of the pancreas were enrolled. Assessments of medical history, physical examination, Karnofsky score and electrocardiogram were performed at baseline including haematology, biochemistry and coagulation parameters. In the first stage of this planned two-stage trial, first-line chemo-naïve patients were enrolled, and in the second stage, patients who had received prior gemcitabine-based chemotherapy were included. Inclusion criteria included a Karnofsky status ⩾70% for the first-line cohort and ⩾50% for the second-line cohort; the presence of at least one measureable tumour lesion and a life expectancy of at least 3 months. Exclusion criteria included prior adjuvant therapy for first-line patients, ampullary carcinoma of the pancreas, hypersensitivity to trial drug or excipients, clinically relevant toxicities persisting from prior chemotherapy, known second malignancy requiring treatment and brain metastases that were symptomatic or required therapy. Also, patients with inadequate organ function (absolute neutrophil count \<1500 per mm^3^, platelet count ⩽100 000 per mm^3^ haemoglobin \<9 mg dl^−1^, aspartate aminotransferase/alanine aminotransferase \>2.5 times the upper limit of normal (or \>5 times in cases of known liver metastases), bilirubin \>3.0 mg dl^−1^ under adequate draining measures and serum creatinine \>2.0 mg dl^−1^), concomitant illnesses (including active infection, congestive heart failure, unstable angina pectoris and cardiac arrhythmia) or who had received hormone therapy, therapy with biological response modifier, or treatment with an investigational drug in the past 4 weeks were excluded. The study was conducted in accordance with the ethical principals originating from the Declaration of Helsinki and with Good Clinical Practice as defined by the International Conference on Harmonisation. All participating patients gave written informed consent.

Treatment
---------

Two dose regimens of BI 2536 were investigated ([Figure 1](#fig1){ref-type="fig"}): BI 2536 as a 60-min intravenous (IV) infusion given open label at a dose of 200 mg once daily on day 1 of each 21-day treatment cycle and BI 2536 as a 60-min IV infusion given open label at a dose of 60 mg once daily on days 1--3 of each 21-day treatment cycle. BI 2536 was to be discontinued in the event of DLT, defined as drug-related grade ⩾3 non-haematological toxicity (excluding non-treated nausea, vomiting or diarrhoea), drug-related grade 4 neutropenia for ⩾7 days and/or complicated by infection, or drug-related grade 4 haematological toxicity other than neutropenia. Patients could continue therapy if the DLT resolved to grades that allowed further therapy, but only at a reduced dose of BI 2536 (reduced by up to 50 mg in the 200-mg group and up to 10 mg in the 60-mg group) that was agreed upon by the clinical monitor and the investigator. Only one dose reduction per patient was allowed over the course of the trial. Per protocol, BI 2536 was to be discontinued if a second DLT occurred or if a DLT did not resolve with treatment interruption or dose reduction. Patients continuing therapy beyond the second course of treatment could undergo dose escalation (not to exceed 50 mg steps in the 200-mg cohort and 10 mg steps in the 60-mg cohort) if disease was non-progressive and treatment was well tolerated.

Investigations
--------------

Tumour response was assessed at the screening visit (or within 21 days before the start of study medication), at the end of every second treatment course, and at the conclusion of the trial. All tumour images were sent to a central imaging unit and assessed by blinded independent review according to RECIST 1.0. Confirmation of objective response required that CRs and PRs were confirmed 6 weeks after the initial criteria for response were first met. For an assessment of SD as best response, follow-up measurements must have met the SD criteria at least once after study entry at a minimum interval of 6 weeks. Best response was assessed as the best response achieved from start of treatment until disease progression/recurrence.

Safety assessments consisted of monitoring and recording of all AEs, regular monitoring of haematology and clinical chemistry measurements (laboratory evaluations), regular measurement of vital signs and performance of physical examinations. Adverse events and laboratory abnormalities were graded according to the National Cancer Institute\'s Common Terminology Criteria for Adverse Events, version 3.0.

Pharmacokinetic analysis
------------------------

Pharmacokinetic analysis was performed to determine plasma concentration of BI 2536. Blood samples were taken before, during and after administration (repeatedly for the first 24 h and once more 7 days post administration). The concentration of BI 2536 was determined by high-performance liquid chromatography--tandem mass spectrometry (HPLC-MS/MS).

Statistical analysis
--------------------

The trial aimed to initially recruit 18 first-line patients to each treatment arm in the first stage with an interim analysis for response planned once 18 evaluable patients per schedule had received four courses of treatment (12 weeks). Patients who had not completed the second course of treatment were considered evaluable for the final analysis, but were not considered for the interim analysis. Following the interim analysis, recruitment was to be completed to 35 first-line patients to each treatment arm in the first stage for a total of 70 patients. A total of 35 second-line patients were to be recruited to the single-arm second stage.

The population for efficacy and safety analyses comprised all patients who received at least one dose of BI 2536, including patients who withdrew or discontinued for any reason. There was no per protocol population, however, protocol violations were to be described.

Results
=======

Patient population
------------------

A total of 90 patients were recruited at nine study centres in Germany and one in Austria for the first stage of the trial. Of these, 89 were randomised to receive BI 2536 according to either the day 1 200-mg schedule (*n*=45) or the day 1--3 60-mg schedule (*n*=44). Details of patient recruitment and reasons for discontinuation are given in [Figure 2](#fig2){ref-type="fig"}. The first stage of the study was fully accrued prior to obtaining 18 evaluable patients for the interim analysis due to a large number of patients excluded as a result of early disease progression before completing two cycles of treatment. Thus, the pre-planned interim analysis was not conducted and the results reported herein are based on the full stage 1 study population.

A total of 86 patients (43 in each dosing arm) received BI 2536 and were included in the analyses. Baseline demographics were similar between the two arms ([Table 1](#tbl1){ref-type="table"}). Median age was 64.5 years and 68.6% of patients were male. Treatment arms were also well matched in terms of their pancreatic cancer history. Most (87%) patients had been diagnosed with ductal adenocarcinoma and pancreas head as the primary site (58%), one-third of patients with known differentiation grade had poorly differentiated tumours and 88% had stage 4 (metastatic) disease at screening. Per protocol, no patients had received previous chemotherapy, 1 patient had prior radiotherapy and 28 patients had undergone surgery.

Treatment exposure
------------------

The mean number of courses of BI 2536 given was similar in both treatment groups, 3.2 (range 1--14) in the day 1 200-mg group and 3.2 (1--16) in the days 1--3 60-mg group. In both groups, the majority (\>65%) of patients completed \<3 courses of treatment and 13 out of 86 patients received only one course, most commonly due to early disease progression. Dose reductions were required for one patient in the 200-mg group and two patients in the 60-mg group due to occurrence of DLTs. Six patients in each group had dose escalation, three of those in the days 1--3 60-mg group subsequently had dose de-escalation.

Efficacy
--------

At the time of the interim analysis (based on investigator assessment), 5 out of 18 evaluable patients in each treatment group had PFS following 3 months of treatment. However, at the time that these patients were evaluated, a total of 79 patients had been recruited and 41 had experienced progression within two courses of treatment. Therefore, despite having met the formal criteria for the transition to stage 2, it was decided that recruitment of second-line patients into stage 2 of the trial should not proceed.

Based on independent review, no patients had a CR and two patients had confirmed PRs after treatment (response rate 2.3%). However, no corresponding PRs were observed according to the respective investigator assessments, and both patients discontinued treatment after course 4 due to clinical or non-target lesion disease progression. SD was the confirmed best response in 24.4% of patients. Tumour control at 3 months was achieved in 12.8% of patients (seven patients in the day 1 200-mg group and four patients in the days 1--3 60-mg group).

Pooled median OS was 149 days (95% confidence interval (CI), 91--307) and PFS was 46 days (95% CI, 44--56) as assessed by independent review ([Figure 3](#fig3){ref-type="fig"}). The 1-year survival and 3-month PFS rates were 17.2% and 31.1% for the day 1 200-mg arm and 13.1% and 15.4% for the days 1--3 60-mg arm, respectively. No statistically significant difference between the treatment arms was detected for any outcome.

Safety
------

Overall, 98.8% of patients experienced an AE of any grade, most commonly gastrointestinal (82.6%), haematological (48.8%) or general disorders (66.3%). Serious AEs irrespective of cause were experienced by 52.3% of patients. A total of 26 (30.2%) patients had an AE that qualified as a DLT (25.6% in the 200-mg group and 34.9% in the 60-mg group); 20 of these 26 patients (76.9%) had a haematological DLT, most commonly neutropenia (14 patients (16.3% of study population)). Overall incidences of other DLTs were thrombocytopenia (4.7%), anaemia (3.5%), fatigue (2.3%) and febrile neutropenia (2.3%). Diarrhoea, leukopenia, nausea, pneumonia, stomatitis and vomiting were DLTs that all occurred in single patients (frequency of 1.2%).

Overall rates of drug-related AEs of any grade were 69.8% in the day 1 200-mg group and 83.7% in the day 1--3 60-mg group ([Table 2](#tbl2){ref-type="table"}). The most common drug-related AEs were neutropenia (37.2%), leukopenia (29.1%), fatigue (29.1%) and nausea (22.1%). In general, AE rates were similar between the two dosing groups; however, nausea (27.9% *vs* 16.3%) and alopecia (25.6% *vs* 14.0%) were higher in the 60-mg group and neutropenia (41.9% *vs* 32.6%) and leukopenia (34.9% *vs* 23.3%) were higher in the 200-mg group. Fifty percent of patients had at least one grade 3/4 AE. The most common grade 3/4 drug-related AEs overall were neutropenia (36.0% of study population), leukopenia (27.9%) and thrombocytopenia (8.1%). There were 18 deaths due to AEs, none were considered to be drug-related by investigators.

Pharmacokinetic analysis
------------------------

BI 2536 demonstrated a multi-compartmental PK behaviour. In general, the plasma concentrations increased up to 0.5 or 1 h after start of infusion. Following infusion, plasma concentrations decreased rapidly, indicating a fast distribution phase. By 24 h post infusion, the average plasma concentration was 18.6 ng ml^−1^ and further decreased to 1.70 ng ml^−1^ by 120 h after the 200-mg dose.

Discussion
==========

In this randomised, open-label, exploratory study of the Plk inhibitor BI 2536, there was no indication of clinically relevant efficacy with either dosing schedule in patients with unresectable advanced pancreatic cancer. Survival was relatively short with an OS of 149 days (equivalent to 4.9 months), at the lower range of what would be expected with gemcitabine (4.9--8.2 months, based on historical data) ([@bib6]; [@bib12]). The 1-year survival rate was 14.7%, only slightly higher than the lower limit of 11--28% reported for gemcitabine ([@bib6]; [@bib12]). Furthermore, these efficacy data do not compare well with those recently reported from the phase III ACCORD/PRODIGE trial, in which an OS of 6.8 months with gemcitabine was improved to 11.1 months with FOLFIRINOX ([@bib4]). A modified Gehan sequential design was employed to ensure a certain level of antitumour efficacy in this trial before allowing for complete accrual to avoid exposure of patients to a potentially inactive drug. Using this design, two PRs or CRs and/or disease control for ⩾12 weeks in 5 out of 18 evaluable patients (i.e., treated for ⩾2 courses) in either arm were required before entering the second stage. In stage 2 of the trial, the number of patients per arm was planned to be 35 patients with the second-line cohort initiated after one of the two schedules had been selected. However, because of the high number of patients that were not evaluable for disease control and the late read out of disease control after 12 weeks, the two-stage design did not restrict patient recruitment before the full number of patients had already been entered into the trial. In retrospect, more stringent criteria for moving to the second stage should have been used.

As has been reported for phase I trials, BI 2536 treatment was well tolerated, with no unexpected AEs. Haematological toxicities were the most common side effects and were manageable with appropriate measures. The PK profiles of BI 2536 were comparable to those seen in phase I trials, with the drug demonstrating multi-compartmental PK behaviour with no evidence of drug accumulation following repeated infusions.

Despite a strong preclinical rationale and promising preclinical and early phase data, BI 2536 has failed to demonstrate sufficient efficacy in phase II clinical trials to date and development has been discontinued. Many of these trials were conducted in advanced, difficult-to-treat and molecularly heterogeneous tumours and these factors may have contributed to the failure of BI 2536 to demonstrate clinical efficacy. Moreover, BI 2536 has a relatively short half-life *in vivo* and it is possible that the failure to achieve clinical efficacy reflects an insufficient exposure of tumour cells to the active inhibitor, rather than a true resistance to the mechanism of action. As preclinical data did not indicate superiority of any tested administration schedule, four different schedules have been tested in phase 1 trials resulting in similar exposure without relevant differences in safety and efficacy. Although it is still possible that an alternate schedule of BI 2536 would result in a stronger and more prolonged inhibition of mitosis, an effective mitotic block may be difficult to achieve without significant myelosuppression in patients with solid tumours, as approximately 28% of bone marrow neutrophils are continually undergoing mitosis ([@bib16]).

There still is a striking rationale for the clinical testing of Plk inhibitors in cancer patients despite the overall negative results of this trial. Preclinical studies have demonstrated that Plk inhibitors can synergise with chemotherapeutic agents to inhibit malignant cell proliferation *in vitro* ([@bib10]) and tumour growth *in vivo* in murine xenograft models without additive toxicity ([@bib1]), suggesting the potential suitability of these combinations in patients with cancer. Plk inhibitors are currently in phase I/II development in various solid tumour and haematological indications. GSK461364, an ATP-competitive inhibitor of Plk1, and HMN-214, a stilbene derivative that interferes with Plk1 subcellular localisation, demonstrated SD as best response in phase I trials of patients with advanced solid tumours ([@bib9]; [@bib21]). ON 01910.Na (rigosertib), which has been claimed to interact with the Plk pathway, has also shown clinical efficacy in pancreatic cancer ([@bib18]) and is currently recruiting a phase II/III trial in this indication. However, the true impact of this compound on the Plk1 pathway is currently unclear ([@bib22]). In phase I studies in patients with advanced solid tumours, volasertib (BI 6727), an additional dihydropteridinone derivative with an improved PK profile compared with BI 2536, has provided a stronger efficacy signal than BI 2536 and a favourable safety profile ([@bib24]). For these reasons, clinical development of BI 2536 has been terminated and volasertib has been chosen for further clinical development.

In view of the favourable safety profile observed to date, Plk inhibitors have the potential for future use in combination with other agents, including both cytotoxics and targeted agents. A phase I trial of volasertib in combination with cisplatin or carboplatin is currently ongoing and has demonstrated preliminary evidence of efficacy and tolerability in patients with advanced solid tumours ([@bib5]) and a phase I trial of volasertib in combination with afatinib, an irreversible ErbB-family blocker, is currently ongoing. Data from these mono- and combination-therapy trials will help to determine the potential of Plk as a target in the treatment of cancer ([@bib23]). In addition, there is an urgent need for biomarker studies to help identify patients who are most likely to benefit from Plk inhibition. Clinical trials including biomarker evaluations are ongoing.
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###### Baseline demographics and oncological history

                                                            **BI 2536 schedule**  
  -------------------------------------------------------- ---------------------- ---------------
  Median age, years                                                 66.0               64.0
  Male, *n* (%)                                                  30 (69.8)           29 (67.4)
  Median weight, kg                                                76.25               75.00
                                                                                          
  *Karnofsky performance status,* n (%)                                           
   70                                                             2 (4.7)             2 (4.7)
   80                                                             7 (16.3)           7 (16.3)
   90                                                            17 (39.5)           13 (30.2)
   100                                                           17 (39.5)           21 (48.8)
                                                                                          
  Mean time from diagnosis, years (range)                      0.21 (0--2.1)       0.11 (0--1.2)
  Ductal adenocarcinoma, *n* (%)                                  35 (81)             40 (93)
                                                                                          
  *Region of primary site,* n (%)                                                 
   Head                                                           28 (65)             22 (51)
   Tail                                                            9 (21)             13 (30)
   Corpus                                                          5 (12)             6 (14)
   Unknown                                                         1 (2)               2 (5)
                                                                                          
  *Differentiation grade,* n (%)                                                  
   Well differentiated                                             1 (2)               2 (5)
   Moderately differentiated                                      22 (51)             21 (49)
   Poorly differentiated                                          10 (23)             11 (26)
   Not specified                                                   9 (21)             9 (21)
   Unknown                                                         1 (2)               0 (0)
                                                                                          
  *Stage at screening,* n (%)[a](#t1-fn1){ref-type="fn"}                          
   0                                                               1 (2)               0 (0)
   I                                                               0 (0)               1 (2)
   IIA                                                             1 (2)               0 (0)
   IIB                                                             1 (2)               1 (2)
   IIIA                                                            2 (5)               1 (2)
   IIIB                                                            1 (2)               1 (2)
   IV                                                             37 (86)             39 (91)

Because of rounding, percentages may not add up to 100%.

###### Drug-related adverse events (with an incidence ⩾10% in either treatment arm)

                          **BI 2536 schedule, all grades**   **Total (*n*=86)**                                      
  ---------------------- ---------------------------------- -------------------- ----------- ----------- ----------- -----------
  Total                              30 (69.8)                   36 (83.7)        11 (12.8)   12 (14.0)   21 (24.4)   22 (25.6)
  *Haematological*                                                                                                         
   Leukopenia                        15 (34.9)                   10 (23.3)         0 (0.0)     1 (1.2)    20 (23.3)    4 (4.7)
   Neutropenia                       18 (41.9)                   14 (32.6)         0 (0.0)     1 (1.2)    9 (10.5)    22 (25.6)
   Thrombocytopenia                   7 (16.3)                    4 (9.3)          1 (1.2)     3 (3.5)     4 (4.7)     3 (3.5)
                                                                                                                           
  *Non-haematological*                                                                                               
   Diarrhoea                          5 (11.6)                    7 (16.3)         5 (5.8)     6 (7.0)     1 (1.2)     0 (0.0)
   Nausea                             7 (16.3)                   12 (27.9)        13 (15.1)    5 (5.8)     1 (1.2)     0 (0.0)
   Vomiting                           7 (16.3)                    4 (9.3)          8 (9.3)     2 (2.3)     1 (1.2)     0 (0.0)
   Fatigue                           12 (27.9)                   13 (30.2)        13 (15.1)   10 (11.6)    2 (2.3)     0 (0.0)
   Alopecia                           6 (14.0)                   11 (25.6)        15 (17.4)    2 (2.3)     0 (0.0)     0 (0.0)
